This study analyzes productivity in the context of environmental regulations on the provision and dissemination of environmental information. Our study measures total factor productivity (TFP) by considering the emission of toxic chemical substances in the U.S. and Japan and the two countries' corresponding policies. We apply the directional distance function to measure the Luenberger productivity indicator to estimate TFP. The data for U.S. and Japanese manufacturing firms include 
Introduction
Productivity is the main driver of economic growth, and rapid growth can increase pollutant emissions due to the greater use of resources. Consequently, a conflict between economic growth and pollution arises. The literature on growth theory also shows the importance of the productivity increase by analyzing economic growth and the environment because improved productivity decreases the input demand for pollution abatement (Akao and Managi, 2007) . Thus, continuous productivity progress should consider emission reductions. This study analyzes productivity by considering the environmental policies on the provision and dissemination of environmental information in the United States (U.S.) and Japan.
The improved provision and dissemination of environmental information can complement traditional policy instruments for controlling environmental performance (Tietenberg and Wheeler, 2001 ). The provision of information is a quasi-regulatory mechanism, as consumers, investors, the public and other stakeholders utilize the information to pressure firms to change their environmental behavior (Arora and Cason, 1996; Lyon and Maxwell, 2004) . For example, the provision requiring more firm-specific environmental information may cause consumers to change their decisions on purchasing a firm's product if they care about the firm's environmental performance (Konar and Cohen, 1997; Jobe, 1999) .
Previous literature on the Pollution Release and Transfer Register (PRTR) system mainly analyzes the effects of the U.S. Toxic Release Inventory (TRI), especially regarding the relationship between a firm's environmental performance and its financial performance. Two important characteristics of PRTR and TRI systems are that 1) facilities periodically send a mandatory report to the relevant authorities on their releases to air, water and soil and the disposal of other wastes, and 2) the emissions data of specific pollutants from individual facilities are accessible to the public.
The principal focus of this study is to provide a measurement of change in total factor productivity (TFP), which is decomposed into technological and efficiency change by considering environmental (i.e., nonmarket) outputs. It is important to note a priori that we are not able to judge whether the index increases over time. This is because the regulations requiring more stringent pollution abatement do not necessarily change productivity 1 .
The U.S. Census Bureau published a list of pollution abatement costs and expenditures in 2005 by type of business (Table 1) . We summarized the value of shipments, pollution abatement cost and abatement cost per shipment ratio by type of business. The cost-to-shipment ratio is high in the textile, paper, petroleum, chemical, nonmetallic mineral and fabric metal industries. In contrast, the cost-to-shipment ratio in the machinery, electrical equipment and transportation industries is lower than in the other sectors. The industries with high cost-to-shipment ratios mainly incur their abatement cost upon pollution treatment, which is essentially an end-of-pipe solution. In the meantime, industries with lower cost-to-shipment ratios tend to incur abatement cost for recycling and disposal. In the analysis of emissions management, it is important to understand whether pollution abatement technologies are utilized more efficiently (Kolominskas, 2004) . This is because the efficiency at least partially influences the cost of production and pollution abatement technologies (Jaffe et al. 2005) . There are two opposing incentives that result from environmental policy on productivity growth. As an effect of such policies, two possibilities may emerge (Managi et al., 2005) . First, abatement pressures might encourage a growth in productivity that reduces the actual cost of compliance below the originally estimated cost (Bunge, 1996) . Second and in contrast, firms might be reluctant to increase productivity if they believe that regulators will respond by ratcheting up standards even further. In addition to changes in environmental regulations and technology, management levels also influence the productivity. Therefore, whether the productivity and technological frontier levels increase over time is an empirical question.
Previous studies that focus on productivity when considering toxic chemical substances are divided into two types; one group of studies focuses on the entire industry sector, while another group analyzes firm-level data. If we use data on entire industry sectors to estimate productivity, the characteristics of the industrial structure largely affect productivity. However, most studies that use firm-level data focus on only one industrial sector (Färe et al. 2001 , Lerche, 2004 Kwon ,2006; , and Koehler, 2007) (1996) have noted that the U.S. and Japan spent a large amount of research and development expenditures on environmental technology and that their share of environmental patents in worldwide is high. Additionally, their share of pollution abatement costs and expenditures in GDP is also high. We also note that the U.S. and Japanese governments freely provide PRTR information on companies on their respective websites. Therefore, information is easily provided to the public. This study considers the differences between these industries and compares ESP by focusing on the nine manufacturing industries in the U.S. and Japan.
The objective of this study is to measure and understand changes in ESP. We hope to clarify how ESP changes after several environmental standards are enforced. We consider how environmental standards in the domestic market and the international market affect firm performance.
We also discuss the efficiency gap between efficient firms and inefficient firms.
The TRI system in the U.S. began in 1986 and has operated for over 20 years. In contrast, 
Background
In 1984, there was an accidental explosion at a pesticide plant in India; following that, there was a leak at a U.S. chemical plant. These incidents gave rise to an international movement to better understand the growing use of chemical substances. Public interest and environmental organizations around the U.S. and Japan accelerated demands for information on toxic chemicals being released outside of the facility (Khanna, 1998 and geographic location and then provides the information to the public. Although the central government does not specify facility-level emissions in their aggregated reports, they must disclose facility-level data when requested by a citizen. The PRTR in Japan has an important role in reducing and managing the development of toxic chemicals. Table 2 
Methodology
This study measures environmentally sensitive productivity changes in U.S. and Japanese manufacturing firms. We apply the directional distance function (DDF) to measure the Luenberger Productivity Indicator in order to estimate TFP (Chambers et al. 1998; Fujii et al. forthcoming) . The
Luenberger-type TFP is considered to be more general than the widely used Malmquist Index (Chambers et al. 1998) . The change in the Luenberger productivity indicator can be further decomposed into technical change and efficiency change.
Directional Distance Function (DDF)
Let x ∈ ℜ + L , b ∈ ℜ + R , y ∈ ℜ + M be vectors of inputs, environmental output (or undesirable output) and market outputs (or desirable output), respectively. Define the production technology as
We assume that good and bad outputs are null-joint; a company cannot produce desirable output without producing undesirable outputs:
We also assume weak disposability. Weak disposability implies that the pollutant should not be considered freely disposable.
(y, b) ∈ P(x) and 0 ≤  ≤ 1 ⇒ (y, b) ∈ P(x).
Under the null-joint hypothesis and weak disposability, this directional distance function can be computed for firm k by solving the following optimization problem:
where l, m, r are the input, the desirable output, and the undesirable output, respectively; x is the input factor in the L ×N input factor matrix; y is the desirable output in the M × N desirable output factor matrix; and b is the undesirable output factor in the R × N undesirable output matrix. In addition, gx is the directional vector of the input factor, gy is the directional vector of the desirable output factors, and gb is the directional vector of the undesirable output factors. is the inefficiency score of the kth firm, and is the weight variable. To estimate the inefficiency score of all firms, the model must be independently applied N times for each firm. One objective of this study is to clarify the extent to which U.S. and Japanese manufacturing firms have improved their productivities with the respect to the toxic chemical substances under consideration. Therefore, to apply the output-oriented Luenberger indicator, we set the directional vector as g = (0, y m , b r ).
Luenberger Productivity Indicator
The TFP is computed with the results of the DDF model and derived as follows (Chambers et al. 1998) .
where x t represents the input for year t, x t+1 is the input for year t+1, y t is the desirable output for year t, and y t+1 is the desirable output for year t+1. b t is the undesirable output for year t, and b t+1 is the undesirable output for year t+1. D ⃗⃗ t (x t , y t , b t )is the inefficiency score of year t based on the frontier curve in year t. Similarly, D ⃗⃗ t+1 (x t , y t , b t ) is the inefficiency of year t+1 based on the frontier curve in year t+1.
The TFP score indicates the productivity change as compared to the benchmark year. The TFP includes all categories of productivity change, which can be broken down into Technical Change (TECHCH) and Efficiency Change (EFFCH). TECHCH shows shifts in the production frontier, while EFFCH measures changes in the position of a production unit relative to the frontier (i.e., catching up).
It is common under the DDF model to assume either constant returns to scale (CRS) or variable returns to scale (VRS). In this study, we apply the CRS to avoid infeasible calculations in time-series analysis. For example, Färe et al. (1994 Färe et al. ( , 1996 pointed out that it is infeasible in the VRS model to compute productivity change. In our study, the calculation of productivity change under the VRS is infeasible. Therefore, we apply only the CRS model in this study. Table 3 ).
Data
This paper focuses on the nine industries discussed above. it only has company names. We thus integrate Japanese PRTR data into non-consolidated company-level data. The last limitation is the availability of capital data for U.S. firms. We use capital stock data for Japanese firm analysis, but we use the net property plant and equipment as the capital stock for U.S. firm analysis because comprehensive capital stock data are not available. In general, the net property plant and equipment is lower than the capital stock because net property plant and equipment do not include intangible assets, while capital stock includes these assets. 
Result
We show the results in Figure 1 to Figure 4 and Table 6 and Table 7 . To discuss productivity changes in the U.S. and Japan, we set the base year at 1999 for U.S. firms and 2001 for Japanese firms. TFP, EFFCH, and TECHCH in the base year equal zero in Figure 1 to Figure 8 . Figure 1 , Figure 2 , and Table 1 show the U.S. firms' results. Figure 3 , Figure 4 , and Table 2 show the Japanese firms' results.
Results for U.S. industries
From Figure The results regarding the transportation industry might be because of the poor financial performance of the U.S. auto industry and other related industries. Table 6 shows the result of the estimation of TECHCH and EFFCH. From Table 6 , the improvement in TFP is mainly caused by the growth in TECHCH from 1999 to 2007 in the entire manufacturing industry in the U.S. The level of EFFCH has decreased for several industries; therefore, this structure is called the "frontier shift (FS) type". Nevertheless, the main factor in increasing TFP is the improvement of EFFCH in the transportation industry sector. We consider this the "catch up (CU) -type". Therefore, we note an "improved as overall effect (IMP)" if TECHCH is positive and CU is around zero.
Based on Furthermore, EFFCH is negative in the industrial machine and precious instrument industries, which implies a widening efficiency gap. The processing and assembly industry tends to export to the European market. They have an incentive to manage toxic chemicals proactively in order to adjust to stringent environmental standards such as RoHS and ELV. These proactive firms reduce their consumption and emission of toxic chemical substances and do so efficiently. Therefore, firms that do not export to the global market might also be affected through their supply chain management, though this effect is limited. Therefore, the perception of environmental preferences and environmental standards differ among firms, which might be one reason why some firms manage toxic chemical substances well and others do not.
In contrast, EFFCH is positive in the electric product and transportation equipment industries, which shows that efficiency gaps in these industries became smaller from 1999 to 2007.
This might be because chemical substances in these industries are mainly used for paints and bonds, and firms can reduce their toxicity by switching from highly toxic chemicals to less-toxic chemical materials. Currently, decreasing the use of toxic chemical substances is costly, but technological innovation reduces this cost and addresses several constraints such as bonding power and color quality. As a result, inefficient firms may be able to consume lower toxic chemical materials and achieve a reduction in toxicity. specific and difficult to replace. Therefore, the processing and assembly industry has an advantage in reduce its toxic risk score as compared to other industries. Table 7 shows the results regarding EFFCH and TECHCH in Japanese manufacturing firms.
The TFP of most industries shifted form a FS type to an IMP type from 2001 to 2008, which implies that the efficiency gap between efficient firms and inefficient firms did not shrink.
The REACH directive was enforced in 2006 in Europe, which makes firms that export to the European market more proactive in controlling toxic chemical substances. In 2018, the REACH directive plans to cover 30,000 chemical substances if a firm treats more than 1 ton per year. To address this stringent environmental standard while maintaining competitiveness in the international market, progressive firms have a key role in spreading knowledge and solving the problems together through the use of seminar and workshop in business associations. Additionally, the REACH directive allows firm to have access to comprehensive environmental management strategies through supply-chain management, and it makes firms more efficient by procuring material in an environmentally sound manner.
Comparing the U.S. results and the Japan results, we find several industries in the U.S. with TFP shifting to the CU type, but we do not find this result in Japan. One interpretation of this finding is that the PRTR was started in 2001 in Japan such that both efficient firms and inefficient firms are on a learning curve in terms of the management of toxic chemical substances (i.e., lower marginal abatement).
In contrast, U.S. firms have had enough time to act to promote the management of toxic chemical 
Conclusion
Productivity improvements play an important role in reducing pollution while simultaneously improving standards of living. This paper contributes to the literature on productivity change in several ways. As a policy instrument, information provisions have emerged in recent years as a mainstream regulatory tool.
To explore how information provisions provide firms with an incentive to improve environmental performance, we measure and compare the environmental performance in productivity terms.
We find that productivity improved in all industrial sectors in the U. 
4 Seven new industry sectors are added. 
